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Figure 3. 
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Figure 4. 
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Figure 6. 
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METHODS FOR INHIBITING DEACETYLASE 
ACTIVITY 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/333,884, ?led Nov. 27, 2001. 
The foregoing application is hereby incorporated by refer 
ence in its entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

[0002] Aportion of the present invention Was made under 
federally sponsored research and development under 
National Heart, Lung, and Blood Institute Grant HL04211, 
National Institutes of Health Grant GM43893, and National 
Cancer Institute Grant CA78746. The Government may 
have rights in certain aspects of this invention. 

REFERENCE TO A “SEQUENCE LISTING,” A 
TABLE, OR A COMPUTER PROGRAM LISTING 

APPENDIX SUBMITTED ON A COMPACT 
DISK. 

[0003] NOT APPLICABLE 

BACKGROUND OF THE INVENTION 

[0004] Portions of the eukaryotic genome can be main 
tained in a transcriptionally inactive, or silenced, state as the 
result of the local chromatin structure. Silent chromatin may 
encompass regions ranging from a feW thousand base pairs, 
as in the silent mating type genes of the yeast S. cerevisiae 
(Loo, S. & Rine, J. (1995) Annu. Rev. Cell Dev Biol. 11, 
519-48), to Whole chromosomes, such as the inactive 
X-chromosome in mammals (Lyon, M. F. (1999) Curr Biol. 
9, R235-7). The formation of silent chromatin, Which is best 
understood at the S. cerevisiae silent mating type loci HMR 
and HML, and telomeres, depends on DNA elements, or 
silencers. The HM silencers are located in proximity to the 
genes they regulate and contain a combination of binding 
sites for Raplp, Ab?p and the origin recognition complex 
(ORC) (Loo, S. & Rine, J. (1995) Annu. Rev. Cell Dev. Biol. 
11, 519-48). These proteins recruit the SIR (Silent Informa 
tion Regulator) protein complex (Sir2p-4p) through protein 
protein interactions. Once recruited to silencers, the SIR 
complex is thought to spread along the chromatin through 
binding of Sir3p and Sir4p to the NHZ-terminal tails of 
histone H3 and H4 (revieWed in Gartenberg, M. R. (2000) 
Curr. Opin. Microbiol. 3, 132-7). Among the many require 
ments for silent chromatin (revieWed in Wu, J. & Grunstein, 
M. (2000) Trends Biochem. Sci. 25, 619-23), post-transla 
tional modi?cation (i.e. acetylation, phosphorylation, 
methylation and ubiquitination) of the NHZ-terminal tails of 
histones appears to be critical. For example, the tails of 
histones H3 and H4 are hypoacetylated in silent chromatin 
compared to other regions of the genome (Braunstein, M. et 
al. (1993) Genes Dev 7, 592-604). Of the SIR proteins, 
Sir2p has been shoWn to be an NAD+-dependent histone 
deacetylase, and is responsible for the hypoacetylated state 
of histones in silent chromatin (MoaZed, D. (2001) Curr. 
Opin. Cell Biol. 13, 232-8; Imai, S. et al. (2000) Nature 403, 
795-800; Smith, J. S. et al. (2000) Proc. Natl. Acad. Sci. USA 
97, 6658-63; Landry, J. et al. (2000) Proc. Natl. Acad. Sci. 
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USA 97, 5807-11). Sir2p also acts at the ribosomal RNA 
gene cluster (rDNA) in the RENT protein complex, Which 
does not include Sir3p or Sir4p (Straight, A. F. et al. (1999) 
Cell 97, 245-56), Where it acts to repress recombination. 

[0005] The yeast SIR2 gene is the de?ning member of a 
broadly conserved family of NAD+-dependent deacetylases, 
termed sirtuins, found in organisms ranging from bacteria to 
humans (Frye, R. A. (2000) Biochem. Biophys. Res. Com 
mun. 273, 793-8). Sirtuins are highly conserved and contain 
a conserved catalytic domain of approximately 275 amino 
acids (GroZinger, C. M. et al., (2001) J. Biol. Chem. 276, 
38837-38843). In S. cerevisiae alone, four additional homo 
logues have been identi?ed, While in humans, eight homo 
logues have been identi?ed (GroZinger, C. M. et al. (2001) 
supra). The yeast SIR2 gene shares the greatest similarity 
With genes found in other eukaryotes, Where it is believed 
that these closely related homologues serve a comparable 
role in silencing. Interestingly, SIR2 and its homologues 
have been implicated in the genetic regulation of aging, both 
in yeast and C. elegans (Tissenbaum, H. A. & Guarente, L. 
(2001) Nature 410, 227-30; Sinclair, D. A. & Guarente, L. 
(1997) Cell 91, 1033-42) and in metaZoan development 
though the details of hoW it affects these fundamental 
processes are still mysterious. 

[0006] Recently, several groups (Luo, J. et al. (2001) Cell 
107, 137-48; and VaZiri, H. et al. (2001) Cell 107, 149-59) 
have explored the in?uence of the mammalian homologues, 
Sir2ot (the mouse homologue of S. cerevisiae SIR2, also 
knoWn as mSIRT1) and SIR2ot (the human homologue of S. 
cerevisiae SIR2, also knoWn as hSIRT1), on the activity of 
the p53 tumor suppressor gene. These studies indicate that 
deacetylase activity of Sir2ot and SIR2ot act on p53, result 
ing in suppression of the tumor suppressor activity. They 
have also shoWn that this deacetylase activity is dependent 
on nicotinamide adenosine dinucleotide 

[0007] What is needed in the art, is a method for inhibiting 
the NAD+-dependent deacetylase activity of a member of 
the SIR2 family of proteins using a small molecule. Sur 
prisingly, the present invention meets this need. 

BRIEF SUMMARY OF THE INVENTION 

[0008] In one aspect, the present invention provides a 
method for identifying compounds useful for the treatment 
of cancer or genetic blood diseases, comprising the step of 
determining Whether the compound inhibits the deacetylase 
activity of a NAD+-dependent deacetylase. In a related 
aspect of the present invention, the method for treating 
cancer or genetic blood diseases comprises the step of 
administering to a subject in need thereof, a therapeutically 
effective amount of a compound that inhibits the deacetylase 
activity of a NAD+-dependent deacetylase. 

[0009] In a second aspect of the present invention, a 
method is provided for identifying compounds Which Will be 
useful for the treatment of cancer or genetic blood diseases, 
comprising the step of determining Whether the compound 
inhibits the NAD+-dependent deacetylase activity of a mem 
ber of the SIR2 family of proteins. In a related aspect of the 
present invention, the method for treating cancer or genetic 
blood diseases comprises the step of administering to a 
subject in thereof, a therapeutically effective amount of a 
compound that inhibits the NAD+-dependent deacetylase 
activity of a member of the SIR2 family of proteins. 
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[0010] In a third aspect of the present invention, a method 
is provided for activating a silenced gene in a cell, compris 
ing contacting the cell With an effective amount of a com 
pound Which is capable of inhibiting the NAD+-dependent 
deacetylase activity of a member of the SIR2 family of 
proteins. 

[0011] In a fourth aspect of the present invention, a 
method is provided for promoting p53-dependent apoptosis 
of a cell comprising contacting the cell With an effective 
amount of a compound Which is capable of inhibiting the 
NAD+-dependent deacetylase activity of a member of the 
SIR2 family of proteins. 

[0012] In a further aspect of the present invention, a 
method is provided for inhibiting BCL6 transcriptional 
repressor activity, comprising contacting a cell With an 
effective amount of a compound Which is capable of inhib 
iting the NAD+-dependent deacetylase activity of a member 
of the SIR2 family of proteins. 

[0013] In another aspect of the present invention, a 
method is provided for inhibiting the deacetylase activity of 
a NAD+-dependent deacetylase comprising contacting the 
NAD+-dependent deacetylase With a NAD+-dependent 
deacetylase inhibiting amount of a compound of Formula I: 

[0014] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein eXactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6-alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 
lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 

[0015] In a further aspect of the present invention, a 
method is provided for inhibiting the deacetylase activity of 
a NAD+-dependent deacetylase comprising contacting the 
NAD+-dependent deacetylase With a NAD+-dependent 
deacetylase inhibiting amount of a compound of Formula II: 
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Rb 

OH. 

[0016] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 

[0017] In the components above, the symbol X21 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol Rc represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 

[0018] In a further aspect of the present invention, a 
method is provided for the treatment of cancer comprising 
the step of administering to a subject in need of such 
treatment a ?rst amount of an antineoplastic agent and a 
second amount of a compound of Formula I: 

[0019] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein exactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
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symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 

lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 

[0020] In another aspect of the present invention, a 
method is provided for the treatment of cancer comprising 
the step of administering to a subject in need of such 
treatment a ?rst amount of a an antineoplastic agent, and a 

second amount of a compound of Formula II: 

Rb 

OH 

[0021] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 

[0022] In the components above, the symbol X3 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol Rc represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alyl. 

[0023] In yet another aspect of the present invention, a 
composition is provided for the treatment of cancer com 
prising an antineoplastic agent and a compound of Formula 
I: 
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[0024] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein exactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 
lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 

[0025] In a further aspect of the present invention, a 
composition is provided for the treatment of cancer com 
prising an antineoplastic agent and a compound of Formula 
II: 

Rb 

OH. 

[0026] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 
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[0027] In the components above, the symbol X3 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol Rc represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 
[0028] In another aspect of the present invention, a phar 
maceutical composition is provided, comprising a pharma 
ceutically acceptable eXcipient and a compound, and all 
pharmaceutically acceptable salts thereof, of Formula I: 

[0029] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein eXactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 
lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 
[0030] In another aspect of the present invention, a phar 
maceutical composition is provided, comprising a pharma 
ceutically acceptable eXcipient and a compound, and all 
pharmaceutically acceptable salts thereof, of Formula II: 

Rb 

OH. 

[0031] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
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—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 

[0032] In the components above, the symbol X3 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol Rc represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1. (A) Chemical structure of S1. (B) Activa 
tion of a TRP1 reporter at the silent HMR mating locus by 
S1 Wild type (SIR2) or sir2Acells With TRP1 integrated 
into HMR. Cells Were replica plated onto complete synthetic 
media, or media lacking tryptophan (-trp) Without or With 
the indicated concentrations of S1. (C) Loss of responsive 
ness to a factor in the presence of S1. The halo of cells 
indicates those able to groW. (D) S1 increases recombination 
of an ADE2 reporter integrated Within ribosomal DNA array. 

[0034] FIG. 2. S1-treated Wild type (Wt) cells and 
sir2Acells display similar transcriptional changes relative to 
untreated Wt cells. (A) Correlation of transcriptional changes 
betWeen genetic and chemical inactivation of Sir2p. The 
correlation plot shoWs transcriptional changes in a 
sir2Amutant relative to Wt (sir2A/Wt) on the vertical aXis and 
changes in Wt cells treated With S1 relative to untreated Wt 
cells (15 pM S1/no treatment) on the horiZontal axis. (B) A 
Venn diagram comparing genes up-regulated (LEFT) and 
doWn-regulated (RIGHT) more than 2-fold relative to Wt or 
untreated cells and sir2A, hst1A or S1-treated Wt cells. (C) 
Correlation of transcriptional changes in Wt cells in response 
to S1 treatment With and Without cycloheXimide. The cor 
relation plot shoWs transcriptional changes in a S1 and 
cycloheXimide-treated Wt cells relative to cells treated With 
cycloheXimide alone (15 pM S1 CYH/CYH) on the vertical 
aXis and changes in Wt cells treated With S1 relative to 
untreated Wt cells (15 pM S1/no treatment) on the horiZontal 
aXis. (D) Venn diagrams comparing transcriptional changes 
(up- or doWn-regulation) in hst2A, hst3A, hst4A cells and 
S1-treated cells (split). 

[0035] FIG. 3. (A) Inhibition of NAD-dependent histone 
deacetylase activity (HDA) of Sir2p by S1. (B) Imnmuno 
blot of Sir2p in Whole cell lysates containing overeXpressed 
Wild type or drug resistant mutant SIR2. (C) Telomeric 
silencing in SIR2, sir2A and drug-resistant SIR2 mutants. 
(D) Sequence alignment betWeen yeast Sir2p and Hst1-4p. 
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The region displayed in the alignment contains the putative 
substrate-binding site. Arrows indicate the positions of resi 
dues that, When mutated in Sir2p, confer S1 resistance. 

[0036] FIG. 4. (A) Cell cycle analysis of a factor arrested 
MATa cells treated With S1. (B) (X2 mRNA expression from 
the silent HML locus in G1-arrested cells treated With S1. 
The RNA from MATO. and MATa sir2A cells is included for 
comparison. The Weak loWer molecular Weight band is due 
to cross hybridization to a2 mRNA. 

[0037] FIG. 5. S1 sensitiZes mammalian cells to DNA 
damaging agents. The bar graph inset shoWs viability of 
cells treated With S1 relative to vehicle treated control. 

[0038] FIG. 6. Table of exemplary compounds of the 
present invention, and their potency for the inhibition of the 
NAD+-dependent deacetylase activity of a member of the 
SIR2 family of proteins. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] De?nitions 

[0040] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein generally have the same meaning as 
commonly understood by one of ordinary skill in the art to 
Which this invention belongs. Generally, the nomenclature 
used herein and the laboratory procedures for organic and 
analytical chemistry are those Well knoWn and commonly 
employed in the art. 

[0041] The term “alkyl,” by itself or as part of another 
substituent, means, unless otherWise stated, a straight or 
branched chain, or cyclic hydrocarbon radical, or combina 
tion thereof, Which may be fully saturated, mono- or poly 
unsaturated and can include di- and multivalent radicals, 
having the number of carbon atoms designated (i.e. C1-C1O 
means one to ten carbons). Examples of saturated hydro 
carbon radicals include groups such as methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclo 
hexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs 
and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, 
n-octyl, and the like. An unsaturated alkyl group is one 
having one or more double bonds or triple bonds. Examples 
of unsaturated alkyl groups include vinyl, 2-propenyl, cro 
tyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4 
pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the 
higher homologs and isomers. The term “alkyl,” unless 
otherWise noted, is also meant to include those derivatives of 
alkyl de?ned in more detail beloW as “heteroalkyl.” Pre 
ferred alkyl groups are limited to hydrocarbon groups, and 
may be branched- or straight-chain. More preferred alkyl 
groups are unsubstituted. 

[0042] The term “alkylene” by itself or as part of another 
substituent means a divalent radical derived from an alkane, 

as exempli?ed by —CH2CH2CH2CH2—, and further 
includes those groups described beloW as “heteroalkylene.” 
Typically, an alkyl (or alkylene) group Will have from 1 to 
24 carbon atoms, With those groups having 10 or feWer 
carbon atoms being preferred in the present invention. A 
“loWer alkyl” or “loWer alkylene” is a shorter chain alkyl or 
alkylene group, generally having eight or feWer carbon 
atoms. 

[0043] The terms “alkoxy,”“alkylamino” and “alkylthio” 
(or thioalkoxy) are used in their conventional sense, and 
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refer to those alkyl groups attached to the remainder of the 
molecule via an oxygen atom, an amino group, or a sulfur 

atom, respectively. 
[0044] The term “heteroalkyl,” by itself or in combination 
With another term, means, unless otherWise stated, a stable 
straight or branched chain, or cyclic hydrocarbon radical, or 
combinations thereof, consisting of the stated number of 
carbon atoms and from one to three heteroatoms selected 
from the group consisting of O, N, Si and S, and Wherein the 
nitrogen and sulfur atoms may optionally be oxidiZed and 
the nitrogen heteroatom may optionally be quatemiZed. The 
heteroatom(s) O, N and S may be placed at any interior 
position of the heteroalkyl group. The heteroatom Si may be 
placed at any position of the heteroalkyl group, including the 
position at Which the alkyl group is attached to the remainder 
of the molecule. Examples include —CH2—CH2—O— 
CH3, —CH2—CH2—NH—CH3, —CH2—CH2— 
N(CH3)—CH3, —CH2—S—CH2—CH3, —CH2—CH2,— 
S(O)—CH3, —CH2—CH2—S(O)2—CH3, —CH=CH— 
O—CH3, —Si(CH3)3, —CH2—CH=N—OCH3, and 
—CH=CH—N(CH3)—CH3. Up to tWo heteroatoms may 
be consecutive, such as, for example, —CH2—NH—OCH3 
and —CH2—O—Si(CH3)3. Similarly, the term “heteroalky 
lene” by itself or as part of another substituent means a 
divalent radical derived from heteroalkyl, as exempli?ed by 
—CH2—CH2—S—CH2CH2— and —CH2—S—CH2— 
CH2—NH—CH2—. For heteroalkylene groups, heteroat 
oms can also occupy either or both of the chain termini (e.g., 
alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenedi 
amino, and the like). Still further, for alkylene and het 
eroalkylene linking groups, no orientation of the linking 
group is implied. 

[0045] The terms “halo” or “halogen,” by themselves or as 
part of another substituent, mean, unless otherWise stated, a 
?uorine, chlorine, bromine, or iodine atom. Additionally, 
terms such as “haloalkyl,” are meant to include monoha 
loalkyl and polyhaloalkyl. For example, the term “halo(C1 
C4)alkyl” is mean to include tri?uoromethyl, 2,2,2-tri?uo 
roethyl, 4-chlorobutyl, 3-bromopropyl, and the like. 

[0046] The term “aryl” means, unless otherWise stated, a 
polyunsaturated, typically aromatic, hydrocarbon substitu 
ent Which can be a single ring or multiple rings (up to three 
rings) Which are fused together or linked covalently. The 
term “heteroaryl” refers to aryl groups (or rings) that contain 
from one to four heteroatoms selected from N, O, and S, 
Wherein the nitrogen and sulfur atoms are optionally oxi 
diZed, and the nitrogen atom(s) are optionally quatemiZed. A 
heteroaryl group can be attached to the remainder of the 
molecule through a heteroatom. Non-limiting examples of 
aryl and heteroaryl groups include phenyl, 1-naphthyl, 
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 
3-pyraZolyl, 2-imidaZol 4-imidaZolyl, pyraZinyl, 2-oxaZolyl, 
4-oxaZolyl, 2-phenyl-4-oxaZolyl, 5-oxaZolyl, 3-isoxaZolyl, 
4-isoxaZolyl, 5-isoxaZolyl, 2-thiaZolyl, 4-thiaZolyl, S-thiaZ 
olyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-py 
ridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benZothiaZolyl, 
purinyl, 2-benZimidaZolyl, S-indolyl, 1-isoquinolyl, S-iso 
quinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 
6-quinolyl. Substituents for each of the above noted aryl and 
heteroaryl ring systems are selected from the group of 
acceptable substituents described beloW. 

[0047] For brevity, the term “aryl” When used in combi 
nation With other terms (e.g., aryloxy, arylthioxy, arylalkyl) 
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includes both aryl and heteroaryl rings as de?ned above. 
Thus, the term “arylalkyl” is meant to include those radicals 
in Which an aryl group is attached to an alkyl group (e.g., 
benZyl, phenethyl, pyridylmethyl and the like) including 
those alkyl groups in Which a carbon atom (e.g., a methylene 
group) has been replaced by, for example, an oxygen atom 
(e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-naphthy 
loxy)propyl, and the like). 

[0048] Each of the above terms (e.g., “alkyl,”“heteroalkyl, 
”“aryl” and “heteroaryl”) are meant to include both substi 
tuted and unsubstituted forms of the indicated radical. Pre 
ferred substituents for each type of radical are provided 
beloW. 

[0049] Substituents for the alkyl and heteroalkyl radicals 
(including those groups often referred to as alkylene, alk 
enyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, 
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can 
be a variety of groups selected from: —OR‘, :0, =NR‘, 

—NR‘C(NH2)=NH, —NH—C(NH2)=NR‘, —S(O)R‘, 
—S(O)2R‘, —S(O)2NR‘R“, —CN and —NO2 in a number 
ranging from Zero to (2 m‘+1), Where m is the total number 
of carbon atoms in such radical. R‘, R“ and R‘“ each 
independently refer to hydrogen, unsubstituted (C1-C8)alkyl 
and heteroalkyl, unsubstituted aryl, aryl substituted With 1-3 
halogens, unsubstituted alkyl, alkoxy or thioalkoxy groups, 
or aryl-(C1-C4)alkyl groups. When R‘ and R“ are attached to 
the same nitrogen atom, they can be combined With the 
nitrogen atom to form a 5-, 6-, or 7-membered ring. For 
example, —NR‘R“ is meant to include l-pyrrolidinyl and 
4-morpholinyl. From the above discussion of substituents, 
one of skill in the art Will understand that the term “alkyl” 
is meant to include groups such as haloalkyl (e.g., —CF3 and 
—CH2CF3) and acyl (e.g., —C(O)CH3, —C(O)CF3, 
—C(O)CH2OCH3, and the like). Preferably, substituted 
alkyl groups are those having 3, 2 or 1 substituents selected 
from the group consisting of —OR‘, —NR‘R“, -halogen, 
—C(O)R‘, —COZR‘, —CONR‘R“, —CN and —NO2. 

[0050] Similarly, substituents for the aryl and heteroaryl 
groups are varied and are selected from: -halogen, —OR‘, 
—OC(O)R‘, —NR‘R“, —SR‘, —R+, —CN, —NO2, 
—COZR‘, —CONR‘R“, —C(O)R‘, —OC(O)NR‘R“, 
—NR“C(O)R‘, —NR“C(O)2R‘, —NR‘—C(O)NR“R“‘, 
—NH—C(NH2)=NH, —NR‘C(NH2)=NH, —NH— 
C(NH2)=NR‘, —S(O)R‘, —S(O)2R‘, —S(O)2NR‘R“, —N3, 
—CH(Ph)2, per?uoro(C1-C4)alkoxy, and per?uoro(C1 
C4)alkyl, in a number ranging from Zero to the total number 
of open valences on the aromatic ring system; and Where R‘, 
R“ and R‘“ are independently selected from hydrogen, 
(C1-C8)alkyl and heteroalkyl, unsubstituted aryl and het 
eroaryl, (unsubstituted aryl)-(C1-C4)alkyl, and (unsubsti 
tuted aryl)oxy-(C1-C4)alkyl. Preferably, substituted aryl 
groups are those having 1, 2 or 3 substituents selected from 
the group consisting of -halogen, —OR‘, —NR‘R“, —CN, 
—NO2, —COZR‘, —CONR‘R“, —C(O)R‘, —N3, per?uo 
ro(C1-C4)alkoxy, and per?uoro(C1-C4)alkyl. 

[0051] TWo of the substituents on adjacent atoms of the 
aryl or heteroaryl ring may optionally be replaced With a 
substituent of the formula -T—C(O)—(CH2)q—U—, 
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Wherein T and U are independently —NH—, —O—, 
—CH2— or a single bond, and q is an integer of from 0 to 
2. Alternatively, tWo of the substituents on adjacent atoms of 
the aryl or heteroaryl ring may optionally be replaced With 
a substituent of the formula -A-(CH2)r—B—, Wherein A and 
B are independently —CH2—, —O—, —NH—, —S—, 
—S(O)—, —S(O)2—, —S(O)2NR‘— or a single bond, and 
r is an integer of from 1 to 3. One of the single bonds of the 
neW ring so formed may optionally be replaced With a 
double bond. Alternatively, tWo of the substituents on adja 
cent atoms of the aryl or heteroaryl ring may optionally be 
replaced With a substituent of the formula —(CH2)S—X— 
(CH2)t—, Where s and t are independently integers of from 
0 to 3, and X is —O—, —NR‘—, —S—, —S(O)—, 
—S(O)2—, or —S(O)2NR‘—. The substituent R‘ in 
—NR‘— and —S(O)2NR‘—, is selected from hydrogen or 
unsubstituted (C1-C6)alkyl. 

[0052] As used herein, the term “heteroatom” is meant to 
include oxygen (O), nitrogen (N) and sulfur 

[0053] As used herein, the term “lactone ring” refers to a 
?ve-, six- or seven-membered cyclic ester, such as 

[0054] The term “pharmaceutically acceptable salts” is 
meant to include salts of the active compounds Which are 
prepared With relatively nontoxic acids or bases, depending 
on the particular substituents found on the compounds 
described herein. When compounds of the present invention 
contain relatively acidic functionalities, base addition salts 
can be obtained by contacting the neutral form of such 
compounds With a sufficient amount of the desired base, 
either neat or in a suitable inert solvent. Examples of 
pharmaceutically acceptable base addition salts include 
sodium, potassium, calcium, ammonium, organic amino, or 
magnesium salt, or a similar salt. When compounds of the 
present invention contain relatively basic functionalities, 
acid addition salts can be obtained by contacting the neutral 
form of such compounds With a sufficient amount of the 
desired acid, either neat or in a suitable inert solvent. 
Examples of pharmaceutically acceptable acid addition salts 
include those derived from inorganic acids like hydrochlo 
ric, hydrobromic, nitric, carbonic, monohydrogencarbonic, 
phosphoric, monohydrogenphosphoric, dihydrogenphos 
phoric, sulfuric, monohydrogensulfuric, hydriodic, or phos 
phorous acids and the like, as Well as the salts derived from 
relatively nontoxic organic acids like acetic, propionic, 
isobutyric, maleic, malonic, benZoic, succinic, suberic, 
fumaric, mandelic, phthalic, benZenesulfonic, p-tolylsul 
fonic, citric, tartaric, methanesulfonic, and the like. Also 
included are salts of amino acids such as arginate and the 
like, and salts of organic acids like glucuronic or galac 
tunoric acids and the like (see, for example, Berge, S. M., et 
al, “Pharmaceutical Salts”, Journal of Pharmaceutical Sci 
ence, 1977, 66, 1-19). Certain speci?c compounds of the 
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present invention contain both basic and acidic functional 
ities that allow the compounds to be converted into either 
base or acid addition salts. 

[0055] The neutral forms of the compounds may be regen 
erated by contacting the salt With a base or acid and isolating 
the parent compound in the conventional manner. The parent 
form of the compound differs from the various salt forms in 
certain physical properties, such as solubility in polar sol 
vents, but otherWise the salts are equivalent to the parent 
form of the compound for the purposes of the present 
invention. 

[0056] In addition to salt forms, the present invention 
provides compounds Which are in a prodrug form. Prodrugs 
of the compounds described herein are those compounds 
that readily undergo chemical changes under physiological 
conditions to provide the compounds of the present inven 
tion. Additionally, prodrugs can be converted to the com 
pounds of the present invention by chemical or biochemical 
methods in an ex vivo environment. For example, prodrugs 
can be sloWly converted to the compounds of the present 
invention When placed in a transdermal patch reservoir With 
a suitable enZyme or chemical reagent. 

[0057] Certain compounds of the present invention can 
exist in unsolvated forms as Well as solvated forms, includ 
ing hydrated forms. In general, the solvated forms are 
equivalent to unsolvated forms and are intended to be 
encompassed Within the scope of the present invention. 
Certain compounds of the present invention may exist in 
multiple crystalline or amorphous forms. In general, all 
physical forms are equivalent for the uses contemplated by 
the present invention and are intended to be Within the scope 
of the present invention. 

[0058] Certain compounds of the present invention pos 
sess asymmetric carbon atoms (optical centers) or double 
bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are all intended to be encompassed 
Within the scope of the present invention. 

[0059] The compounds of the present invention may also 
contain unnatural proportions of atomic isotopes at one or 
more of the atoms that constitute such compounds. For 
example, the compounds may be radiolabeled With radio 
active isotopes, such as for example tritium (3H), iodine-125 
(1251) or carbon-14 (14C). All isotopic variations of the 
compounds of the present invention, Whether radioactive or 
not, are intended to be encompassed Within the scope of the 
present invention. 

[0060] The term “SIRZ” refers to the silent information 
regulator family of proteins, also knoWn as sirtuins. This 
family includes both mammalian and non-mammalian pro 
teins. For example, yeast homologues of SIR2 include, but 
are not limited to, HSTl, HST2, HST3 and HST4. The 
mammalian homologues include, but are not limited to, 
SIRTl, SIRT2, SIRT3, SIRT4, SIRTS, SIRT6, SIRT7 and 
SIRT8, as Well as sirtuins 1 to 8. More speci?c examples 
include, but are not limited to, Sir2p and SIRZot. 

[0061] The term “NAD+-dependent deacetylase” refers to 
a protein that removes the acetyl groups from a lysine 
residue of another protein, Wherein the deacetylation is 
coupled to NAD (nicotinamide adenosine dinucleotide) 
cleavage. 
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[0062] The term “p53-dependent apoptosis” refers to the 
genetically determined death of a cell that is dependent on, 
or stimulated by, the p53 gene, a gene that typically inhibits 
non-natural cell groWth, such as that observed in tumors. 

[0063] The term “BCL6 transcriptional repressor activity” 
refers to the activity of the BCL6 gene that results in the 
repression of transcription, the process of constructing an 
RNA chain from a DNA template. 

[0064] The terms “silence” , “silencing” and “silenced” 
refers to a mechanism by Which gene expression in particu 
lar regions of the genome are repressed. 

[0065] The term “chromatin” refers to a complex mixture 
of nucleic acid and proteins (such as histone) in eukaryotic 
cells, and is usually dispersed in the interphase nucleus and 
condensed into chromosomes. 

[0066] The term “gene” refers to any segment of DNA 
associated With a biological function. Thus, genes include 
coding sequences and/or the regulatory sequences required 
for their expression. Genes also include nonexpressed DNA 
segments that, for example, form recognition sequences for 
other proteins. 
[0067] The term “protein” refers to series of amino acid 
residues connected one to the other by peptide bonds 
betWeen the alpha-amino and carboxy groups of adjacent 
residues. In general, the term “protein” is used to designate 
a series of greater than 50 amino acid residues connected one 
to the other. 

[0068] The term “antineoplastic agent” refers to a means 
for inhibiting or combating the undesirable groWth of bio 
logical tissue. Antineoplastic agents include, but are not 
limited to, antiangiogenic and antivascular agents, antime 
tabolites, antifolates and other inhibitors of DNA synthesis, 
antisense oligonucleotides, biological response modi?ers, 
DNA-alkylating agents, DNA intercalators, DNA repair 
agents, groWth factor receptor kinase inhibitors, hormone 
agents, immunoconjugates, microtubule disruptors and 
topoisomerase I/II inhibitors. Antineoplastic agents can also 
include cyclophosphamide, triethylenephosphoramide, tri 
ethylenethiophosphoramide, ?utamide, altretamine, triethyl 
enemelamine, trimethylolmelamine, meturedepa, uredepa, 
aminoglutethimide, L-asparaginase, BCNU, benZodepa, 
bleomycin, busulfan, camptothecin, capecitabine, carbo 
quone, chlorambucil, cytarabine, dactinomycin, daunomy 
cin, daunorubicin, docetaxol, doxorubicin, epirubicin, estra 
mustine, dacarbaZine, etoposide, ?uorouracil, gemcitabine, 
hydroxyurea, ifosfamide, improsulfan, mercaptopurine, 
methotrexate, mitomycin, mitotane, mitoxantrone, novem 
brichin, paclitaxel, piposulfan, plicamycin, prednimustine, 
procarbaZine, tamoxifen, temoZolomide, teniposide, 
thioguanine, thiotepa, UFT, uracil mustard, vinblastine, vin 
cristine, vinorelbine and vindesine. 

[0069] The term “cancer” refers to the uncontrolled 
groWth of abnormal cells. Speci?c cancers are selected from, 
but not limited to, rhabdomyosarcomas, chorio carcinomas, 
glioblastoma multiformas (brain tumors), boWel and gastric 
carcinomas, leukemias, ovarian cancers, prostate cancers, 
lymphomas, osteosarcomas or cancers Which have metasta 
siZed. 

[0070] The term “genetic blood disease” refers to a heredi 
tary disease of the blood that includes, but is not limited to, 
hyperproliferative diseases, thalassaemias and sickle cell 
disease. 
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[0071] The term “tumor suppressor gene” refers to a gene 
that acts to suppress the uncontrolled groWth of a cancer, 
such as a tumor. 

[0072] The term “ligand binding domain” refers to a 
region of a protein, enzyme, or gene that binds to a ligand 
selective for that particular site; 

[0073] The terms “treating” and “treatment” refer to a 
method of alleviating or abating a disease and/or its atten 
dant symptoms. 

[0074] The terms “inhibition”, “inhibits” and “inhibitor” 
refer to a method of prohibiting a speci?c action or function. 

[0075] The term “therapeutically effective amount” refers 
to that amount of the compound being administered suf? 
cient to prevent development of or alleviate to some eXtent 
one or more of the symptoms of the condition or disorder 
being treated. 

[0076] The term “composition” as used herein is intended 
to encompass a product comprising the speci?ed ingredients 
in the speci?ed amounts, as Well as any product Which 
results, directly or indirectly, from combination of the speci 
?ed ingredients in the speci?ed amounts. By “pharmaceu 
tically acceptable” it is meant the carrier, diluent or eXcipient 
must be compatible With the other ingredients of the for 
mulation and deleterious to the recipient thereof. 

[0077] The term “subject” refers to animals such as mam 
mals, including, but not limited to, primates (e.g., humans), 
coWs, sheep, goats, horses, dogs, cats, rabbits, rats, mice and 
the like. In certain embodiments, the subject is a human. 

[0078] General 

[0079] The present invention involves a phenotypic screen 
for small molecule inhibitors of the NAD+-dependent 
deacetylase activity of the SIR2 class of proteins. Several of 
the proteins in this class play an important role in the 
silencing of genes. In one aspect, the deacetylation of 
histone by a protein in the SIR2 class, can lead to the 
silencing of tumor suppressor genes. In another aspect, the 
deacetylation of the p53 tumor suppressor gene by a protein 
in the SIR2 class, reduces p53-dependent apoptosis. Dis 
eases in Which apoptosis is involved include diseases that 
are associated With an increase in cell survival due to 
inhibition of apoptosis, such as cancer, autoimmune dis 
eases, in?ammatory diseases and viral infections and dis 
eases that are associated With a decrease in cell death due to 
hyperactive apoptosis, such as AIDS, neurodegenerative 
disease, hematologic diseases, and tissue damage. A further 
aspect of the present invention relates to the acetylation of 
BCL6 by inhibiting the deacetylase activity of a protein in 
the SIR2 class. Doing so prevents eXpression of differen 
tiation genes in B-cell non-Hodgkin lymphoma (B-NHL) 
and diffused large B-cell lymphomas (DLBCL). Therefore, 
inhibiting the NAD+-dependent deacetylase activity of a 
protein in the SIR2 family of proteins leads to the activation 
of p53 and either groWth or arrest of apoptosis, it is possible 
to treat various cancers and disease states that are Well 
knoWn to one of skill in the art. 

EMBODIMENTS OF THE INVENTION 

[0080] Methods 

[0081] In vieW of the surprising discovery above, the 
present invention provides in one aspect a method is pro 
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vided for identifying compounds useful for the treatment of 
cancer or genetic blood diseases, comprising the step of 
determining Whether the compound inhibits the deacetylase 
activity of a NAD+-dependent deacetylase. In a related 
aspect of the present invention, the method for treating 
cancer or genetic blood diseases comprises the step of 
administering to a subject in need thereof, a therapeutically 
effective amount of a compound that inhibits the deacetylase 
activity of a NAD+-dependent deacetylase. 

[0082] In a preferred aspect of the present invention, the 
identi?ed compounds are useful for the treatment of silenced 
tumor suppressor genes, B-cell-derived non-Hodgkin lym 
phomas and diffuse large B-cell lymphomas. In another 
preferred aspect of the present invention, the identi?ed 
compounds are useful for the treatment of thalassaemias and 
sickle cell disease. 

[0083] In a further preferred aspect of the present inven 
tion, the step of determining comprises the step of speci? 
cally binding radiolabelled (1,2-dihydro-3H-naphtho[2,1-b] 
pyran-3-one) to the ligand binding domain of a member of 
the SIR2 family of proteins. 

[0084] In another preferred aspect of the present inven 
tion, the NAD+-dependent deacetylase is a member of the 
SIR2 family of proteins. In a more preferred aspect, the 
member of the SIR2 family of proteins is selected from the 
group consisting of Sir2p and SIR2ot. In a most preferred 
aspect, the member of the SIR2 family of proteins is SIR2ot. 

[0085] In another aspect of the present invention, a 
method is provided for identifying compounds Which Will be 
useful for the treatment of cancer or genetic blood diseases, 
comprising the step of determining Whether the compound 
inhibits the NAD+-dependent deacetylase activity of a mem 
ber of the SIR2 family of proteins. In a preferred aspect of 
the present invention, the method for treating cancer or 
genetic blood diseases comprises the step of administering 
to a subject in thereof, a therapeutically effective amount of 
a compound that inhibits the NAD+-dependent deacetylase 
activity of a member of the SIR2 family of proteins. 

[0086] In another preferred aspect of the present inven 
tion, a method is provided for activating a silenced gene in 
a cell, comprising contacting the cell With an effective 
amount of a compound Which is capable of inhibiting the 
NAD+-dependent deacetylase activity of a member of the 
SER2 family of proteins. 

[0087] In still another preferred aspect of the present 
invention, a method is provided for promoting p53-depen 
dent apoptosis of a cell comprising contacting the cell With 
an effective amount of a compound Which is capable of 
inhibiting the NAD+-dependent deacetylase activity of a 
member of the SIR2 family of proteins. 

[0088] In a further aspect of the present invention, a 
method is provided for inhibiting BCL6 transcriptional 
repressor activity, comprising contacting a cell With an 
effective amount of a compound Which is capable of inhib 
iting the NAD+-dependent deacetylase activity of a member 
of the SIR2 family of proteins. 

[0089] In another aspect of the present invention, a 
method is provided for inhibiting the deacetylase activity of 
a NAD+-dependent deacetylase comprising contacting the 
NAD+-dependent deacetylase With a NAD+-dependent 
deacetylase inhibiting amount of a compound of Formula I: 
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[0090] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein exactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 
lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, Cmalkyl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 

[0091] In a preferred aspect of the present invention, the 
compound of Formula I has the folloWing structure: 

[0092] In this case, the symbol R1 is a member selected 
from the group consisting of hydrogen, C1_6alkoXy and 
CO_6alkoXy-aryl; the symbol R2 is a member selected from 
the group consisting of hydrogen and hydroXy; the symbol 
R3 is a member selected from the group consisting of 
hydrogen and —OR4; and the symbol R4 is C1_6alkyl. 

[0093] In another preferred aspect of the present inven 
tion, the symbol R1 is a member selected from the group 
consisting of C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. In a 
more preferred aspect of the present invention, the symbol 
R1 is a member selected from the group consisting of 
hydroXy, methoXy and benZyloXy. In a most preferred aspect 
of the present invention, the symbol R1 is benZyloXy. In 
another preferred embodiment, the term aryl is a member 
selected from the group consisting of phenyl and naphthyl. 
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[0094] In another aspect of the present invention, a 
method is provided for inhibiting the deacetylase activity of 
a NAD+-dependent deacetylase comprising contacting the 
NAD+-dependent deacetylase With a NAD+-dependent 
deacetylase inhibiting amount of a compound of Formula II: 

Rb 

OH. 

[0095] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 

[0096] In the components above, the symbol X3 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol RC represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 

[0097] In a preferred aspect of the present invention, 
Formula II has the folloWing structure: 
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[0098] In a further aspect of the present invention, a 
method is provided for the treatment of cancer comprising 
administering to a subject in need of such treatment a ?rst 
amount of an antineoplastic agent and a second amount of a 

compound of Formula I: 

[0099] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein eXactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 

lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 

[0100] 
method is provided for the treatment of cancer comprising 

In another aspect of the present invention, a 

administering to a subject in need of such treatment a ?rst 

amount of an antineoplastic agent, and a second amount of 

a compound of Formula II: 

OH. 

Ra 

/ 

[0101] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 
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H 

R0 N Y)?! and WXQ 

[0102] In the components above, the symbol X21 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol Rc represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 

[0103] Compositions 

[0104] In yet another aspect of the present invention, a 
composition is provided for the treatment of cancer com 
prising an antineoplastic agent and a compound of Formula 
I: 

[0105] In Formula I, the letter X is a member selected 
from the group consisting of O and S. The symbols L1 and 
L2 each represent members independently selected from the 
group consisting of O, S, ethylene and propylene, substi 
tuted With 0-2 R groups, Wherein exactly one of the symbols 
L1 and L2 represents a member selected from the group 
consisting of O and S. Each instance of the letter R of 
symbols L1 and L2 independently represents a member 
selected from the group consisting of C1_6alkyl, C2_6alkenyl 
and —CO2R4. The symbols R1 and R2 each represent mem 
bers independently selected from the group consisting of 
hydrogen, C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. Alter 
natively, the symbols R1 and R2 are taken together With the 
carbons to Which they are attached to form a siX-membered 
lactone ring. The symbol R3 represents a member selected 
from the group consisting of hydrogen, C1_all<yl, aryl, 
—OR4, —NR4R4, —CO2R4, —C(O)R4, —C(O)NR4R4, 
—CN, —NO2 and halogen. Each instance of the symbol R4 
independently represents a member selected from the group 
consisting of hydrogen and C1_6alkyl. 
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[0106] In a further aspect of the present invention, a 
composition is provided for the treatment of cancer com 
prising an antineoplastic agent and a compound of Formula 
II: 

Rb 

OH. 

Ra 

/ 

[0107] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 

[0108] In the components above, the symbol X21 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol RC represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 
group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 

[0109] In a preferred aspect of the present invention, the 
antineoplastic agent is a member selected from the group 
consisting of antiangiogenic and antivascular agents, anti 
metabolites, antifolates and other inhibitors of DNA synthe 
sis, antisense oligonucleotides, biological response modi? 
ers, DNA-alkylating agents, DNA intercalators, DNA repair 
agents, groWth factor receptor kinase inhibitors, hormone 
agents, immunoconjugates, microtubule disruptors and 
topoisomerase I/II inhibitors. 

[0110] In another preferred aspect of the present invention, 
the antineoplastic agent is a member selected from the group 
consisting of cyclophosphamide, triethylenephosphoramide, 
triethylenethiophosphoramide, ?utamide, altretamine, tri 
ethylenemelamine, trimethylolmelamine, meturedepa, ure 
depa, aminoglutethimide, L-asparaginase, BCNU, ben 
Zodepa, bleomycin, busulfan, camptothecin, capecitabine, 
carboquone, chlorambucil, cytarabine, dactinomycin, 
daunomycin, daunorubicin, docetaXol, doXorubicin, epiru 
bicin, estramustine, dacarbaZine, etoposide, ?uorouracil, 
gemcitabine, hydroXyurea, ifosfamide, improsulfan, mer 
captopurine, methotreXate, mitomycin, mitotane, mitoX 

Apr. 14, 2005 

antrone, novembrichin, paclitaXel, piposulfan, plicamycin, 
prednimustine, procarbaZine, tamoxifen, temoZolomide, 
teniposide, thioguanine, thiotepa, UFT, uracil mustard, vin 
blastine, vincristine, vinorelbine and vindesine. 

[0111] In a further preferred aspect of the present inven 
tion, the antineoplastic agent is administered after the com 
pound. In another preferred aspect, the antineoplastic agent 
is administered simultaneously With the compound. In yet 
another preferred aspect, the antineoplastic agent is admin 
istered prior to the compound. 

[0112] In another aspect of the present invention, a phar 
maceutical composition is provided, comprising a pharma 
ceutically acceptable eXcipient and a compound, and all 
pharmaceutically acceptable salts thereof, of Formula I: 

[0113] In Formula I, the letter X is a member selected from 
the group consisting of O and S. The symbols L1 and L2 each 
represent members independently selected from the group 
consisting of O, S, ethylene and propylene, substituted With 
0-2 R groups, Wherein exactly one of the symbols L1 and L2 
represents a member selected from the group consisting of 
O and S. Each instance of the letter R of symbols L1 and L2 
independently represents a member selected from the group 
consisting of C1_6alkyl, C2_6alkenyl and —CO2R4. The 
symbols R1 and R2 each represent members independently 
selected from the group consisting of hydrogen, C1_6alkoXy, 
CO_6alkoXy-aryl and hydroXy. Alternatively, the symbols R1 
and R2 are taken together With the carbons to Which they are 
attached to form a siX-membered lactone ring. The symbol 
R3 represents a member selected from the group consisting 
of hydrogen, C1_6alkyl, aryl, —OR4, —NR4R4, —CO2R4, 
—C(O)R4, —C(O)NR4R4, —CN, —NO2 and halogen. Each 
instance of the symbol R4 independently represents a mem 
ber selected from the group consisting of hydrogen and 
C1_6alkyl. 

[0114] In a preferred aspect of the present invention, the 
compound of Formula I has the folloWing structure: 
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[0115] In this case, the symbol R1 is a member selected 
from the group consisting of hydrogen, C1_6alkoXy and 
CO_6alkoXy-aryl; the symbol R2 is a member selected from 
the group consisting of hydrogen and hydroXy; the symbol 
R3 is a member selected from the group consisting of 
hydrogen and —OR4; and the symbol R4 is C1_6alkyl. 

[0116] In another preferred aspect of the present invention, 
the symbol R1 is a member selected from the group con 
sisting of C1_6alkoXy, CO_6alkoXy-aryl and hydroXy. In a 
more preferred aspect of the present invention, the symbol 
R1 is a member selected from the group consisting of 
hydroXy, methoXy and benZyloXy. In a most preferred aspect 
of the present invention, the symbol R1 is benZyloXy. In 
another preferred embodiment, the term aryl is a member 
selected from the group consisting of phenyl and naphthyl. 

[0117] In another aspect of the present invention, a phar 
maceutical composition is provided, comprising a pharma 
ceutically acceptable eXcipient and a compound, and all 
pharmaceutically acceptable salts thereof, of Formula II: 

Rb 

OH. 

Ra 

[0118] In Formula II, the symbol R8 is a member selected 
from the group consisting of hydrogen, C1_6alkyl, aryl, 
—ORe, —NReRe, —COZRS, —C(O)Re, —C(O)NReRe, 
—CN, —NO2 and halogen, While the symbol Rb is a 
member selected from the group consisting of: 

[0119] In the components above, the symbol X21 represents 
a member selected from the group consisting of O, S and 
NR6, While the symbol Rc represents a member selected 
from the group consisting of hydrogen, C1_6alkyl and aryl 
optionally substituted With a member selected from the 

group consisting of hydrogen, C1_6alkyl, aryl, —ORe, 
—NReRe, —CN, —NO2 and halogen. The symbol Rd rep 
resents a member selected from the group consisting of 
hydrogen, C1_6alkyl, aryl, —ORe, —NReRe and halogen. 
And, each instance of the symbol Re independently repre 
sents a member selected from the group consisting of 
hydrogen and C1_6alkyl. 
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[0120] In a preferred aspect of the present invention, 
Formula II has the folloWing structure: 

[0121] Administration 

[0122] An effective amount of the composition Will be 
determined by the existence, nature, and eXtent of any 
adverse side-effects that accompany the administration of 
the composition; the LD50 of the composition; and the 
side-effects of the composition at various concentrations. 
Typically, the amount of the composition administered Will 
range from about 0.01 to about 20 mg per kg, more typically 
about 0.05 to about 15 mg per kg, even more typically about 
0.1 to about 10 mg per kg body Weight. 

[0123] The compositions can be administered, for 
eXample, by intravenous infusion, orally, intraperitoneally, 
or subcutaneously. Oral administration is the preferred 
method of administration. The formulations of compounds 
can be presented in unit-dose or multi-dose sealed contain 
ers, such as ampoules and vials. 

[0124] The compositions of the present invention are 
typically formulated With a pharmaceutically acceptable 
carrier before administration to an individual or subject. 
Pharmaceutically acceptable carriers are determined, in part, 
by the particular composition being administered, as Well as 
by the particular method used to administer the composition. 
Accordingly, there are a Wide variety of suitable formula 
tions of pharmaceutical compositions of the present inven 
tion (see, e.g., Remington’s Pharmaceutical Sciences, 17th 
ed., 1989). 
[0125] Formulations suitable for oral administration can 
consist of (a) liquid solutions, such as an effective amount of 
the compound of Formula I or Formula II, suspended in 
diluents, such as Water, saline or PEG 400; (b) capsules, 
sachets or tablets, each containing a predetermined amount 
of the active ingredient, as liquids, solids, granules or 
gelatin; (c) suspensions in an appropriate liquid; and (d) 
suitable emulsions. Tablet forms can include one or more of 

the folloWing: lactose, sucrose, mannitol, sorbitol, calcium 
phosphates, corn starch, potato starch, microcrystalline cel 
lulose, gelatin, colloidal silicon dioXide, talc, magnesium 
stearate, stearic acid, and other eXcipients, colorants, ?llers, 
binders, diluents, buffering agents, moistening agents, pre 
servatives, ?avoring agents, dyes, disintegrating agents, and 
pharmaceutically compatible carriers. LoZenge forms can 
comprise the active ingredient in a ?avor, e.g., sucrose, as 
Well as pastilles comprising the active ingredient in an inert 
base, such as gelatin and glycerin or sucrose and acacia 
emulsions, gels, and the like containing, in addition to the 
active ingredient, carriers knoWn in the art. 
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[0126] The compositions of the present invention may be 
in formulations suitable for other routes of administration, 
such as, for example, intravenous infusion, intraperitoneally, 
or subcutaneously. The formulations include, for example, 
aqueous and non-aqueous, isotonic sterile injection solu 
tions, Which can contain antioxidants, buffers, bacteriostats, 
and solutes that render the formulation isotonic With the 
blood of the intended recipient, and aqueous and non 
aqueous sterile suspensions that can include suspending 
agents, solubiliZers, thickening agents, stabiliZers, and pre 
servatives. Injection solutions and suspensions can be pre 
pared from sterile poWders, granules, and tablets. 

[0127] The dose administered to a patient, in the context 
of the present invention should be suf?cient to effect a 
bene?cial therapeutic response in the patient over time. For 
example, if the compositions of the present invention are 
administered to treat or prevent cancer, such as a tumor, the 
dose administered to the patient should be suf?cient to 
prevent, retard, or reverse tumor groWth. The dose Will be 
determined by the ef?cacy of the particular composition 
employed and the condition of the patient, as Well as the 
body Weight or surface area of the patient to be treated. The 
siZe of the dose also Will be determined by the existence, 
nature, and extent of any adverse side-effects that accom 
pany the administration of a particular composition in a 
particular patient. 

EXAMPLES 

[0128] Compounds. 

[0129] The compounds of the present invention can be 
synthesiZed by several methods knoWn to one of skill in the 
art. Methods for preparing the S1 and S2 scaffolds are shoWn 
beloW by Way of example, and are by no means compre 
hensive of the methods that can be used to synthesiZe the 
compounds of the present invention. One of skill in the art 
Will appreciate that the starting material, the reagants and the 
reactions shoWn in the schemes beloW, can be appropriately 
modi?ed in order to synthesiZe all the compounds of the 
present invention. The appropriate modi?cations are knoWn 
to those of skill in the art. 
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